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(57) ABSTRACT

A micromechanical functional apparatus, particularly a
loudspeaker apparatus, includes a substrate, at least one
circuit chip mounted on the substrate, and an enveloping
package in which the circuit chip is packaged. The func-
tional apparatus further includes a micromechanical func-
tional arrangement, particularly a loudspeaker arrangement
having a plurality of micromechanical loudspeakers, which
is mounted on the enveloping package. A covering device is
mounted above the micromechanical functional arrange-
ment, particularly the loudspeaker arrangement, opposite the
enveloping package. A method is implemented to manufac-
ture the micromechanical functional apparatus.
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1
MICROMECHANICAL FUNCTIONAL
APPARATUS, PARTICULARLY A
LOUDSPEAKER APPARATUS, AND
APPROPRIATE METHOD OF
MANUFACTURE

This application claims priority under 35 U.S.C. §119 to
patent application no. DE 10 2011 084 393.0, filed on Oct.
13, 2011 in Germany, the disclosure of which is incorporated
herein by reference in its entirety.

BACKGROUND

The disclosure relates to a micromechanical functional
apparatus, particularly a loudspeaker apparatus, and to an
appropriate method of manufacture.

Although it is actually possible to use any micromechani-
cal functional apparatuses, the present disclosure and the
underlying problems are explained with reference to silicon-
based micromechanical loudspeaker apparatuses.

In comparison with microphone or pressure sensor pack-
ages, which need to provide media access to the diaphragm,
a front volume and possibly a back volume in a small
installation space, a package for MEMS loudspeaker appa-
ratuses should provide a suitable acoustic window, in par-
ticular.

MEMS-based loudspeakers usually consist of a relatively
large MEMS chip which has an arrangement of individual
loudspeakers having respective diaphragms, wherein the
respective diaphragms can be deflected on both sides by
adjacently arranged perforated electrodes.

DE 10 2005 055 478 Al discloses a micromechanical
structure for receiving and/or producing acoustic signals in
a medium which at least partially surrounds the structure.
The structure has a diaphragm which is essentially closed
and which essentially forms a first side of the structure, and
also a mating element and a closed substrate which is
provided on a second side side, which is opposite the first
side. The mating element is provided between the diaphragm
and the substrate.

SUMMARY

The disclosure provides a micromechanical functional
apparatus, particularly a loudspeaker apparatus and an
appropriate method of manufacture.

The concept on which the present disclosure is based is
the application of a construction and connection technique
(packaging) which is based on the embedding of at least one
circuit chip in an enveloping compound, particularly a
molding compound, on a substrate. The functional arrange-
ment is fitted on the enveloping compound with the embed-
ded circuit chip, and a covering device, e.g. a film, is
mounted on the functional arrangement on the side which is
opposite the enveloping compound. The resultant design is
distinguished in that the elements required can be connected
compactly and inexpensively.

The disclosure allows economical integration of the func-
tional arrangement and the evaluation circuit (circuit chip)
and possibly further parts that are important to operation,
such as passive elements in the form of capacitors, resistors,
etc., on a common substrate.

The embedding technologies used may be either methods
akin to printed circuit board production or enveloping with
filled or unfilled polymer materials, e.g. using casting,
injection-molding or transfer-molding methods.
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The preferred embodiments involve enveloping the cir-
cuit chips with a suitable polymer compound, e.g. molding
compound, using a batch process. In combination with the
manufacture of conductive structures, large-format sub-
strates are produced which can have components fitted and
contact made with them using standard processes with the
functional arrangement. Subsequently, the functional
arrangement can be covered using a covering device which
is permeable to a particular physical variable, e.g. sound or
light. The molding process can be used to form cavities or
recesses in the enveloping compound which, by way of
example, produce the acoustically necessary back volume
for the acoustically active area of a respective loudspeaker
in an MEMS loudspeaker arrangement, or which supple-
ment a respective back volume which is produced in the
MEMS loudspeaker arrangement. This also allows process
costs to be saved in the MEMS production of the loud-
speaker arrangement.

The following advantages can be achieved by the present
disclosure.

Since the circuit chip is fitted beneath the functional
arrangement, there is a distinct reduction in the footprint in
comparison with a classical side-by-side construction.

When a printed circuit board substrate is used, it is
particularly possible to cap the package by laminating on the
film using the batch method, which means that it is not
necessary to perform a serial capping process (positioning
the individual frames and laminating on the film). Singular-
ization is effected by means of a sawing process, for
example. This significantly reduces the costs of manufac-
ture.

Since, in the case of an MEMS loudspeaker apparatus, a
large portion of the back volume is provided in the package,
the chip thickness can be reduced in the case of the MEMS
loudspeaker arrangement. This reduces the costs of manu-
facture of the MEMS loudspeaker arrangement, since the
trench process is more expensive with a chip thickness of
400 pum, for example, than with a chip thickness of 200 pm,
for example.

Alternatively if the MEMS chip thickness of the loud-
speaker arrangement is unaltered, it is possible to enlarge the
back volume inexpensively. In addition, a very low physical
height is possible with a simultaneously minimum possible
footprint, since stacking is possible without the use of spacer
chips.

The disclosure can be used for a large number of func-
tional arrangements, e.g. loudspeakers for CE applications
(mobile radio applications, PDAs, laptops, etc.), where an
extremely inexpensive package is required with a simulta-
neously low physical height. Further areas of use are micro-
phones, camera chips, infrared sensors, optical sensors and,
in general, micromechanical elements with sensitive struc-
tures which require a window which is transparent to a
particular physical variable.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the present disclosure
are explained below using embodiments with reference to
the figures, in which:

FIGS. 1a) and b) show schematic cross-sectional views to
explain a micromechanical loudspeaker apparatus and an
appropriate method of manufacture according to a first
embodiment of the present disclosure;

FIG. 2 shows a schematic cross-sectional view to explain
a micromechanical loudspeaker apparatus and an appropri-
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ate method of manufacture according to a second embodi-
ment of the present disclosure; and

FIG. 3 shows a schematic cross-sectional view to explain
a micromechanical loudspeaker apparatus and an appropri-
ate method of manufacture according to a third embodiment
of the present disclosure.

DETAILED DESCRIPTION

In the figures, the same reference symbols denote ele-
ments which are the same or each have the same function.

FIG. 1a) and b) are schematic cross-sectional views to
explain the micromechanical loudspeaker apparatus and an
appropriate method of manufacture according to a first
embodiment of the present disclosure;

FIG. 1a shows an MEMS loudspeaker arrangement 10
which has a plurality of loudspeakers 9a, 95, 9¢ clamped
between a respective frame 100. Reference symbols 10a,
104 denote electrical connections of the MEMS loudspeaker
arrangement 10.

It should be mentioned that FIG. 1a shows only the cross
section from a small detail of such an MEMS loudspeaker
arrangement 10 and that actually such a loudspeaker
arrangement consists of a large number of between hundreds
and thousands of individual loudspeakers.

Also with reference to FIG. 15, the manufacture of the
loudspeaker apparatus according to the first embodiment
first of all involves the provision of a substrate 5, for
example a thin printed circuit board substrate, on the top of
which a redistribution device 13a, 135, 13¢ is mounted. In
addition, the substrate 5 has perforations 7a, 76 which
connect the top O of the substrate to the underside U of the
substrate, the perforations 7a, 7b containing respective elec-
trical contact-connection devices 17a, 17b, for example
solder balls, which can be used to make contact with the
loudspeaker apparatus from the underside U.

A circuit chip 30 with connection pads 30a, 305 is then
electrically and mechanically connected to the redistribution
device 134, 135 on the top O of the substrate 5. Similarly,
a circuit chip 31 having contact pads—not shown—is elec-
trically and mechanically connected to the redistribution
device 135, 13c.

Next, a molding compound 15 is molded around the
circuit chips 30, 31 on the top O of the substrate 5, with the
cutouts 12a, 126, 12¢ being formed on that side of the
molding compound 15 which is opposite the substrate and
forming back volumes for the loudspeaker arrangement 10.

By electrical plated-through holes 11a, 115 are formed in
the molding compound 15 which are electrically connected
to the redistribution device 13a or 13c.

The MEMS loudspeaker arrangement 10 is then con-
nected—with the connection areas 10a, 105 pointing down-
ward—to the molding compound 15 such that the cutouts
12a, 125, 12¢ form the back volumes of the loudspeakers 94,
9b, 9¢. In the same step, the connection pads 10a, 105 are
connected to the plated-through holes 11a, 115, for example
by providing an appropriate electrically conductive adhe-
sive. The frames 100 are also adhesively bonded to the
molding compound 15 in order to connect the loudspeaker
arrangement 10 to the molding compound 15.

In a final process step, a sound-permeable film 20 is then
provided as a covering device for the sound radiation side of
the loudspeaker arrangement 10.

The loudspeaker apparatus manufactured in this manner
can then be bonded to a further substrate together with other
electronic components by means of the electrical contact-
connection device 17a, 175.
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FIG. 2 is a schematic cross-sectional view to explain a
micromechanical loudspeaker apparatus and an appropriate
method of manufacture according to a second embodiment
of the present disclosure.

In the case of the second embodiment shown in FIG. 2,
the loudspeaker arrangement 10 is fitted to the molding
compound 15, for example by means of an appropriate
adhesion process, with the electrical connections 10a, 105
pointing upward and away from the molding compound 15.
When the plated-through holes 11a, 116 have been pro-
duced, bonding pads 16a, 165 are formed on the top of the
molding compound 15, which is opposite the substrate 5.
The electrical connections 10a, 105 are connected to the
bonding pads 16a, 165 by means of bonding wires 14a and
14b.

When the bonding wires 14a, 145 have been bonded, a
further molding process takes place in which the bonding
wires 14a, 145 and the electrical connections 10a, 105 and
also the bonding pads 16a, 165 are completely surrounded
by molding.

Above the loudspeaker arrangement 10, the second mold-
ing process provides a cavern in the further molding package
15' so that unimpeded radiation of sound is possible. Next,
this exemplary embodiment involves the covering device 20
in the form of the film being adhesively bonded to the further
molding package 15"

FIG. 3 shows a schematic cross-sectional view to explain
a micromechanical loudspeaker apparatus and an appropri-
ate method of manufacture according to a third embodiment
of the present disclosure.

In the case of the third embodiment, the provision of the
bonding wires 14a, 145 between the electrical connections
10a, 106 and the bonding pads 16a and 165, as already
described in connection with FIG. 2, is followed not by the
provision of a further molding package but rather by the
adhesive bonding of a cap 21 which is open at the top to the
molding compound 15. Such a cap 21 may be made from
plastic and/or metal, as alternatives. Finally, the covering
device 20 in the form of the film 20 is adhesively bonded to
the top of the cap.

Although the present disclosure has been described with
reference to preferred exemplary embodiments, it is not
limited thereto. In particular, the cited materials and topolo-
gies are merely exemplary and not limited to the examples
which have been explained.

What is claimed is:

1. A method for manufacturing a micromechanical func-
tional apparatus, comprising:

mounting at least one circuit chip on a substrate;

then encapsulating the circuit chip mounted on the sub-

strate in an enveloping package;

then mounting a micromechanical functional arrangement

on the enveloping package; and

then mounting a covering device above the microme-

chanical functional arrangement opposite the envelop-
ing package; wherein the enveloping package is a
molding compound, and wherein: the step of encapsu-
lating the circuit chip includes molding the molding
compound around the circuit chip and forming one or
more cavities in the molding compound on a side of the
molding compound opposite the substrate; and

the step of mounting a micromechanical functional

arrangement includes orienting the arrangement rela-
tive to the one or more cavities so that the one or more
cavities can serve as back volumes.

2. The method according to claim 1, wherein the func-
tional arrangement is a loudspeaker arrangement having a
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plurality of loudspeakers, wherein the enveloping package
has a plurality of cutouts which corresponds to the plurality
of loudspeakers, and wherein the loudspeaker arrangement
is mounted on the enveloping package such that the cutouts
form respective rear volumes of the loudspeakers.

3. The method according to claim 1, wherein a side of the
circuit chip on the substrate holds a redistribution device
which is in electrical contact with the circuit chip, and
wherein the enveloping package has one or more electrical
plated-through holes which electrically connect the redistri-
bution device to appropriate connections of the functional
arrangement.

4. The method according to claim 3, wherein the connec-
tions of the functional arrangement are bonded directly to
the plated-through holes.

5. The method according to claim 3, wherein the connec-
tions of the functional arrangement are bonded by respective
bonding wires to bonding pads which are provided on the
enveloping package in electrical contact with the respective

6

plated-through holes, and wherein the enveloping package
holds a further enveloping package in which the bonding
wires and bonding pads are packaged.

6. The method according to claim 1, wherein the micro-
mechanical functional apparatus is a loudspeaker apparatus,
and wherein the micromechanical functional arrangement is
a loudspeaker arrangement having a plurality of microme-
chanical loudspeakers.

7. The method according to claim 1 in which the com-
ponents are provided in the sequence substrate, circuit chip,
molding compound and micromechanical functional
arrangement.

8. A micromechanical functional apparatus manufactured
according to the method of claim 1.

9. A micromechanical functional apparatus manufactured
according to the method of claim 6.

10. A micromechanical functional apparatus manufac-
tured according to the method of claim 1.
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